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INTRODUCTION
An emerging body of literature has found substantial support for the "fetal origins" hypothesis proposed by Barker (1992) that the in utero nutritional status shapes health outcomes in adult life. As reviewed in Almond and Currie (2011) , prenatal exposure to malnutrition has a lasting damaging effect on the health of survivors. However, little is known about the impact on the children of the affected cohort in large part due to lack of data. The question as to whether the effects of health shocks are transmissible from one generation to the next has important implications on understanding intergenerational mobility and inequality.
In this paper, we exploit a natural experiment-the Great Chinese Famine of 1959-1961-to explore the intergenerational legacy of prenatal exposures to the famine on cognitive abilities. Specifically, we employ the recently released 2010 and 2012 waves of the China Family Panel Studies (CFPS) administered by Peking University to do so. 1 In comparison with other data sources, the CFPS is novel in that it has direct measures of cognitive abilities (math, verbal, and short-term memory tests) for family members. The CFPS is also based on a nationally representative sample and includes extensive demographic information on respondents and their families that may be used as controls.
We focus on the cognitive outcomes of children born to parents who experienced famine during early childhood (that is, those who were born during [1959] [1960] [1961] as measured by test scores. We find strong evidence that, relative to the control group (that is, children born to parents who did not experience famine), daughters born to rural male (but not female) famine survivors performed worse in cognitive tests than sons. Why were only the daughters of rural famine fathers and not the children of famine mothers adversely affected? There are several potential explanations.
Culling and scarring are the two major effects of famine on survivors. Famines often result in excess mortality, the so-called culling effect. The literature has established that the culling effect is particularly strong for males. It is widely documented that male fetuses are more likely to die than their female counterparts in the event of famine. As the fragile die, the fittest survive. Thus the presence of the culling effect implies a healthier survivor cohort. Famine also has a scarring effect. That is, survivors may suffer from lasting ill effects due to early exposure to the famine. It is an empirical question as to which effect dominates in the survivor population. We find that famine exposure in early childhood results in more damage to the cognitive abilities of female survivors than male survivors, suggesting that the culling effect likely dominates the scarring effect for males. This is consistent with other findings in the existing literature (Luo, Mu, and Zhang 2006; Song 2010; Mu and Zhang 2011) .
The culling and scarring effects may have some genetic consequences. There is substantial evidence in the biology literature that the X chromosome is responsible for cognitive abilities (Turner 1996; Badcock 2009 ). There is also evidence that the X-linked genes inherited by daughters from their fathers potentially express themselves differently from those inherited from their mothers. Skuse (2005, R30) finds that "maternally expressed X-linked genes might, therefore, influence hippocampal development, and paternally expressed genes influence the normal development of the caudate nucleus and thalamus in females." Recent work suggests that the thalamus, with its widespread cortical connections, plays a key role in human intelligence (Bohlken et al. 2013) .
Since sons inherit the X chromosome only from their mothers while daughters inherit one from their mothers and one from their fathers, as Figure 1 .1 makes clear, for the case where the father's X chromosome has been damaged by the famine, we would potentially observe girls with lower cognitive abilities in the second generations (sons would be largely unaffected). Under this hypothesis, if the mother's X chromosome was damaged by the famine, both sons and daughters should be equally affected. However, in our analysis, we do not find any effects for the children of scarred famine mothers. 1 http://www.isss.edu.cn/cfps/EN/. We conclude that the scarring effect on female famine survivors is probably not large enough to make a dent on the subsequent generation. For the daughters of seemingly unscarred famine fathers to suffer the strongest effects would require evidence for an epigenetic mechanism that the damage to the X chromosome in famine fathers is expressed only in the next generation. We are unaware of any studies to support this view.
A second potential explanation is the sociobiological mechanism. For example, the seminal work by Belsky, Steinberg, and Draper (1991) proposed that early exposures to environmental stressors, such as father's absence before age 7, were responsible for the early onset of puberty in daughters, as well as the latter's precocious sexuality and unstable relationships as adults.2 However, in our sample, famine fathers actually have higher levels of education than nonfamine fathers. Women born in the famine were married to men who were less educated and drank more compared with the famine fathers (the comparison group). Hence, if fathers' negative characteristics were responsible for their daughters' outcomes, then daughters born to famine mothers should have performed worse in test scores than those born to famine fathers. But that is not the case in terms of the results. 2 There is some evidence that the father-daughter linkage may have genetic roots. Comings et al. (2002) , for example, find that a variant X-linked androgen receptor (AR) gene that is passed on from fathers to their daughters but not to their sons explains why fathers who are predisposed to behaviors such as family abandonment tend to have daughters who experience early puberty and also exhibit more aggressive and impulsive behavior, such as precocious sexuality, increased number of sexual partners, and sexual compulsivity. However, these recent findings do need to be treated with some caution. A replication exercise by Jorm et al. (2004) for the associations found in Comings et al. (2002) with the AR allele failed to produce substantively similar findings. Mustanski et al. (2004) also suggest that the relationship between the absence of fathers and adolescent development may be complex and may depend on gene-environment correlations. They give the example of mothers who enter puberty early being more likely to bear children earlier, which, in turn, predisposes the parental match to early separation. At the same time, these mothers' offspring inherit genes predisposing them toward early puberty.
The third potential explanation has to do with economic reasons. It is possible that there are aggregate economywide or region-specific factors that yield different returns to human capital by gender. Consequently, parents may be motivated to invest more in or to engage in early intervention for affected children of one gender as opposed to the other. But if that were the case, then we would see similar gender differential effects for children regardless of being born to rural famine fathers or mothers in the same region. Yet our results do not in fact reveal such similar effects.
The final explanation is related to son preference. At the time of famine, families with strong son preference would tend to allocate their limited resources more in favor of their sons than other families, and are thereby more likely to have survivor sons. It is conceivable that these male survivors, having grown up in a family with strong son preference, may take more early remedial interventions in favor of their sons, potentially at the expense of their daughters, to undo the damage from their exposure to famine. To test this hypothesis, we examine the intergenerational impact of first-generational famine exposure on families with only one child as opposed to many, and also on families with only sons or daughters in comparison with families with children of both sexes. We find negative effects on girls born to famine fathers only if they have brothers, suggesting the persistence of intrahousehold son preference. We conclude therefore that the pattern of intergenerational effects of famine is most likely explained by a combination of the weak scarring effects on the exposed generation and the stronger son preference of male survivors.
The rest of the paper is organized as follows. We provide a literature review in Section 2. Section 3 details our methodology and describes the data. Section 4 discusses our findings. Finally, Section 5 concludes.
LITERATURE REVIEW
We now review the existing literature on famine and early childhood malnutrition paying particular attention to the work related to the Great Chinese Famine of 1959-1961. Since large-scale randomized controlled trials on human beings are infeasible for a direct test of this hypothesis, researchers have relied on exogenous shocks, such as famines, to identify the negative effects of exposure to early childhood malnutrition on subsequent health and economic outcomes for the affected individuals.3 A seminal work in this area is Stein et al. (1972) on the lasting health impact of exposure to the 1944-1945 Dutch famine in early childhood. They found no significant effects for the incidence of famine experienced in utero or during early childhood on the cognitive abilities of male survivors at age 19-measured in terms of IQ and mild or severe forms of mental retardation. However, subsequent work has found evidence that by middle age this cohort experienced significantly higher-than-average levels of health disorders, including higher rates of obesity (Ravelli et al. 1999 ) and glucose intolerance (Ravelli, van de Meulen, and Michels 1998) , lower quality of self-reported health and higher rates of coronary heart disease morbidity (Roseboom et al. 2001; Bleker et al. 2005) , and higher incidences of adult psychological disorders (Neugebauer, Hoek, and Susser 1999; Brown et al. 2000; Hulshoff et al. 2000) .
More recently, researchers have found that childhood exposure to famines has persistent long-run negative consequences in other countries. For instance, children in rural Zimbabwe who were exposed before the age of 3 to the effects of drought and civil war were significantly shorter at adolescence and had lower schooling attainment (Alderman, Hoddinott, and Kinsey 2006) . Neelsen and Stratmann (2011) highlighted the adverse yet heterogeneous effects of the [1941] [1942] Greek famine on survivors below the age of 2 at the time of famine-that is, the cohort exposed to famine during infancy (first year of life) performed much worse in terms of educational attainment than those exposed during the second year of life. Employing data from the Ghana Education Impact Evaluation Survey, Ampaabeng and Tan (2013) show that the 1983-1984 famine in Ghana significantly lowered IQ and academic scores of math and English comprehension tests for survivors who were between the ages of 0 and 2 during the time of the famine.
A particularly fruitful context for famine studies has been China. The Great Chinese Famine of 1959-1961 has been argued to be one of the most severe in human history in terms of loss of liferesulting in between 15 and 30 million excess deaths (Ashton et al. 1984; Riskin 1990; Ravallion 1997) and around 30 million lost or postponed births (Ashton et al. 1984; Yao 1999) . In perspective, the upper bound of excess deaths translated to 5 percent of the entire population. There was also substantially large geographic variation in famine severity with rural areas and provinces that showed highest support for the Party's policies (as measured by Party membership density; Kung and Lin [2003] ), such as Henan, Sichuan, Anhui, Shandong, and Gansu, performing worse.
There is strong evidence that exposure to the famine had significant negative long-run consequences for survivors. Survivors of the 1959-1961 birth cohorts have been shown to register less favorably on a range of adult health and economic outcomes, including anthropometric health measures such as height (Chen and Zhou 2007; Meng and Qian 2009) and obesity (Luo, Mu, and Zhang 2006) , incidence of disability (Mu and Zhang 2011) , risk of mental illness (Huang et al. 2012) , educational attainment (Meng and Qian 2009) , labor market experiences (Almond et al. 2010; Meng and Qian 2009) , wealth (Almond et al. 2010) , and marriage market outcomes (Almond et al. 2010; Brandt, Siow, and Vogel 2008) . The famine also appears to have had a differential impact on male and female survivors. As Almond et al. (2010, 332) report, using data from the China Population Census 2000, "men were 9 percent more likely to be illiterate, 6 percent less likely to work, and 6.5 percent less likely to be married if exposed to the Famine in utero. Women were 7.5 percent more likely to be illiterate and 3 percent less likely to work, and tended to marry men with less education, if exposed in utero. We also find fetal exposure to the Famine substantially reduced the cohort's sex ratio (fewer males), suggesting greater male vulnerability to maternal malnutrition."
Whereas the long-run negative effects on survivors of early childhood exposure to famine have been well documented, the question as to whether those effects for the human population persist across generations is an open one. 4 A small number of recent works examined the intergenerational persistence of early health shocks based on the China Health and Nutrition Survey, focusing primarily on general health measures. To our knowledge, no studies have examined the intergenerational impact on cognitive abilities in China. For instance, An and Li (2013) find that children born to parents who both were exposed to the Great Chinese Famine were significantly shorter (adjusted for age) than children born to other parents. In addition, Fung and Ha (2010) show that although the children of famine-exposed parents had lower weight adjusted for age, their schooling attainment was no different from other children. Kim and Fleisher (2010) also find no significant negative effects on second-generation schooling and work status, but a negative impact on wages and work hours. Finally, using the China Population Census 2000, Almond et al. (2010) found that, consistent with the Trivers-Willard (1973) hypothesis, mothers who had been exposed prenatally to famine were more likely to give birth to daughters. Overall, most of the empirical studies on intergenerational transmission do not look at the gender-specific intergenerational transmissions and none of them has examined the impact on cognitive ability.
Since cognitive ability is an integral part of human capital, our paper is also related to the broad economics literature on international mobility (Black and Devereux 2011; Clark 2014) . For example, Clark (2014) used the persistent overrepresentation of individuals with rare (high-status) surnames in occupations with high social status to show that patterns of social mobility are actually relatively invariant over time. He posits "a social law . . . a universal constant of intergenerational correlation of 0.75, from which deviations are rare and predictable." The focus on surnames potentially attributes the low social mobility in many societies to inherited advantages from fathers to sons as the major cause. However, as shown in the biological literature, sons' cognitive skills should be more associated with the X chromosomes of their mothers. The high persistence of the father-son link may therefore not be due to purely genetic reasons. Black, Devereux, and Salvanes (2005) also show that only mothers' education has a causal impact on sons' education level, and the impact of fathers on children is more muted. Following Black, Devereux, and Salvanes, we also explore the dyadic relationships between children's cognitive abilities and those of the affected famine parents. 4 There are reasons to believe that direct linkages might exist across generations in terms of health. Jirtle and Skinner's (2007) comprehensive review of epidemiological evidence from mice studies provides not only strong support for the fetal origin hypothesis but also evidence that some of these environmental effects are passed on to subsequent generations. They further suggest that the transmission mechanism is epigenetic in origin. The Överkalix cohort studies by Pembrey et al. (2006) have also provided evidence for sex-specific, male-line transgenerational effects of limiting food supplies whereby grandsons (but not granddaughters) of paternal grandparents who faced limited food supplies in early childhood experienced higher mortality risk ratios.
DATA AND METHODOLOGY
We now describe the data we used for our analysis and our baseline exercise. Our main dataset in the empirical analyses is the CFPS, which is a panel survey dataset conducted in 2010 and 2012. The CFPS data collection effort was funded by the 985 Program of Peking University and carried out by the Institute of Social Science Survey of Peking University. The aim was to characterize the transitions of social, economic, demographic, education, and health situations in China and provide the data foundations for academic and public policy research. The CFPS 2010 covers 14,798 families and 33,600 adults from across 25 provinces of China.
This dataset has two advantages. First, it carries out a cognitive test of the respondents, which is a direct measurement of cognitive ability. Previously, people have employed indirect outcome indicators, such as literacy or schooling attainment, to measure cognitive ability. Specifically, the CFPS 2010 prepared a series of mathematics and word recognition questions for the respondents to answer, while the CFPS 2012 replaced those tests with short-term memory and logic tests. The questions are arranged in ascending order of difficulty within groups of questions indicated by the highest education level of the respondent. The ultimate test score is the order (rank) of the hardest question that the respondent is able to answer correctly; if the respondent fails to answer any question in his education group correctly, his score is the lowest for his education level minus 1. For example, a person with middle-school education will begin to answer from the 9th question. If the hardest question that the respondent is able to answer correctly is the 11th question, his test score is 11. If he fails to answer questions 9, 10, and 11 consecutively, his score is 8 (9 -1).
Second, the CFPS provides detailed individual, family, and community information about the respondents, which allows us to introduce a rich set of controls when analyzing the effects of parental exposure to famine on children's cognitive ability. For example, the CFPS asks about the time to the nearest hospital and the distance to the nearest high school, two important determinants of whether the respondent (or his or her family) can get access to medical service and education systems conveniently, which in turn potentially affects cognitive development. Furthermore, the height, weight, and health status of the respondent are also available from the CFPS 2010, which enable us to exclude the impact of potential (early) health interventions on cognitive ability.
In this paper, we are particularly interested in the potential heterogeneous impact of the famine along two dimensions. First, we want to know whether the effect on children of male survivors (famine fathers) is different from that for female survivors (famine mothers). Thus, we separate the father and mother samples. Second, we are interested in whether there is heterogeneous impact across the genders of children. We therefore allow for the famine effect to vary across female and male children of famine survivors in our analysis.
We restrict our sample to rural areas because the famine mainly struck there due to urban-biased policy. As argued in Chen and Zhou (2007) , the strict hukou system (household registration) in that period prevented rural people from migrating to the urban areas.
Formally, our baseline econometric specification is as follows:
,
where is the test score for individual i (with higher scores indicating better cognitive ability), and is a dummy variable that equals 1 if the respondent's father (mother) was born during 1959-1961, that is, the famine years, and equals 0 otherwise. Recall that our aim is to investigate the cognitive impact of the famine on the children of famine survivors who had experienced famine in the fetal stage. Considering that the famine ended in most provinces in 1961 but in some provinces in 1962, and people born in 1962 might or might not have been conceived during the famine years, we exclude the children whose parents were born in 1962 from our sample. We choose the children whose parents were born during 1963-1965 as the control group. The children themselves (both cohorts) were in early adulthood (aged 16-30) at the times of the surveys. Our proxy for famine intensity in province p ( ), taken from Lin and Yang (2000) , is defined as the difference between the highest mortality rate in 1959-1961 and the average mortality rate in 1956-1958 in the province.
The main coefficient of interest in our analysis is β 1 of equation 1. While the level term, β 2 , captures the intrinsic difference in cognitive test scores between the children of famine survivors and nonfamine survivors, the coefficient to the interaction term of cohort i and , β 1 , captures the diverse impact of the Great Famine on the cognitive development of descendants of famine survivors relative to nonfamine survivors. Note that the partial effect of the intensity of famine on the former group is given by β 1 + β 3 ( ) while that for the latter is given by just β 3 . Since the latter group has not experienced the famine, we expect β 3 to be insignificant from 0. This then constitutes a natural falsification test. A negative β 1 would then imply a detrimental effect of the Great Famine on the children of famine survivors.
The set X i denotes the set of controls including the individual, family, and community characteristics of the respondent. In terms of individual characteristics, we control for gender, age, birth order, log of height, log of weight, and health status (in good health) of the respondent. We also include the square and cubic terms of age to capture the potential nonlinear effect of age on cognitive ability. Since parents' age difference may affect children's cognitive performance, we include the age difference between fathers and mothers as a robustness check. Finally, we also include region and ethnicity fixed effects to allow for systematic differences in cognitive test scores across different regions and ethnic groups in China. Birth order might affect cognitive ability because the youngest child potentially receives more attention from parents and may get access to better education considering the rapid development of China's education system in the past 30 years. Height and (to a lesser extent) weight are highly correlated with nutrition in early childhood, which is a critical determinant of cognitive development. We also employ a survey question to get a respondent's current health status. The question, "in good health," is a subjective evaluation by the respondent, which equals 1 if the health status is moderate or good and 0 otherwise. Other family-level control variables that might affect the level of investment in the child include the number of siblings, parents' education level, and family income per person. At the community level, we include time to nearest hospital and distance to nearest school as those variables capture the local accessibility of medical services and education. Table 3 .1(a) provides summary statistics for the key variables, while Table 3 .1(b) provides a breakdown of the key demographic and family characteristics of households with various parental pairs. Figure 3 .1 shows the trend in the difference in the math test scores for children of rural fathers born in areas that experienced severe famine in 1959-1961 compared with those born in regions with less severe famine. What stands out in the figure is the sharp spike in the mean difference of math test scores for the daughters of fathers who were born during the famine, the peak of which was in 1960 and 1961, between severe and less severe provinces. Of course, the figure just presents suggestive evidence on the link between fathers' fetal exposures to famine and daughters' worse math performance. In the next section, we will provide more quantitative evidence to substantiate the causal relationship. (2010). Notes: FF-NFM indicates that father was born during 1959-1961 and mother was not ; FM-NFF indicates that mother was born during 1959-1961 and father was not; FF-FM indicates that father and mother were both born during 1959-1961; NFF-NFM indicates that neither father nor mother were born during 1959-1961. The number in parentheses indicates the sample size. ***, **, and * indicate that the mean difference between the corresponding group and the NFF-NFM group is significantly different at the 1%, 5%, and 10% level, respectively.
Figure 3.1 Math test scores for children of rural male cohort born in 1953-1965
Source: China Family Panel Studies (2010). Notes: The severe and less severe groups are categorized by the median value of famine severity variable at the provincial level. Famine severity is measured as the difference between the highest mortality rate at the provincial level during 1959-1961 and the average mortality rate during 1956-1958. Horizontal axis refers to fathers' birth year.
FINDINGS Baseline Findings for the Second Generation
We first carry out a simple difference-in-differences exercise comparing the intergenerational cognitive effect of fathers in severe and less severe regions who experienced famine in early childhood (that is, those born in the years 1959-1961) as opposed to those who have never experienced famine (that is, those born in the years after the famine [1963] [1964] [1965] ). We report the difference-in-differences results in Table  4 .1. The results show a significant negative effect on math test scores for the children of fathers who experienced famine during early childhood with the effect being particularly large and significant for their daughters. In a similar difference-in-differences exercise (results not reported) for the children of famine mothers, however, we do not find significant effects for children of either gender. We restrict the sample to children whose fathers were born during the Great Famine (1959) (1960) (1961) and postfamine period (1963) (1964) (1965) and whose mothers were not born in the famine years. Famine severity is measured as the difference between the highest mortality rate at the provincial level during 1959-1961 and the average mortality rate during 1956-1958. The severe and less severe famine provinces are defined according to the median value of famine at the provincial level. The severe provinces include Anhui, Guizhou, Sichuan, Qinghai, Gansu, Henan, Hunan, Guangxi, Shandong, and Hubei, while the less severe provinces include Liaoning, Yunnan, Jiangsu, Fujian, Guangdong, Hebei, Jilin, Jiangxi, Heilongjiang, Beijing, Zhejiang, Shaanxi, Shanxi, Shanghai, and Tianjin. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively.
The findings for the simple difference-in-differences exercise are upheld by the results based on our baseline specification, which are reported in Table 4 .2. Table 4 .2 shows the regression results for the intergenerational impact of the famine on the math test scores of children whose fathers were born in the rural area during 1959-1965 (spanning the years of the famine and after except for 1962). Consistent with our hypothesis, we find a negative coefficient for the interaction between famine severity and the father being born during the famine years of 1959-1961 (corresponding to β 1 of equation 1 above) for the entire set of children. This finding is true regardless of whether we explicitly exclude provincial fixed effects (column 1 of Table 4 .2) or include them (column 2 of Table 4 .2). Notes: Ethnicity fixed effects are controlled in all the regressions. Due to space limit, they are not reported. The variable "Father below middle school" indicates that father's education level is primary school or below. "In good health" is a subjective evaluation of respondent, which equals 1 if the health status is pretty good or good and 0 otherwise. Robust standard errors clustered at the province level are in parentheses. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively.
When we examine the breakdown of the findings by the gender of the children, we find substantial gender difference. The findings are shown in columns 3 and 4 of Table 4 .2 for male offspring and columns 5 and 6 of Table 4 .2 for female offspring. Whereas father's exposure to famine during early childhood lowers math test scores for both male and female offspring, only the impact for girls is statistically significant. The magnitude is also large. An increase of famine intensity by one standard deviation will increase the difference in math test scores between daughters whose fathers were born during the Great Famine and those whose fathers were not by 9.6 percent. In fact, we find that in provinces where the famine was severe (as defined in Table 4 .1), the difference in math test scores between girls of famine and nonfamine fathers is a massive 27 percent, while in less severely exposed provinces, the difference is not significant.
Robustness and Falsification Checks
We next conduct a sequence of robustness checks and falsification tests. First, we want to rule out that the observed pattern is driven by an existing trend prior to the famine across regions. In Table 4 .3, we regress math test scores of children whose fathers were born in 1953-1959 on a set of cohort fixed effects and their interactions with the famine variable. None of the coefficients for the cohort and their interaction terms with famine is statistically significant. It is apparent from the table that there are no pre-existing differences in math test scores across the children of birth cohorts from 1953 to 1958 (relative to the base cohort of 1959). It is possible that the calculation of excess mortality at the province level may be subject to measurement error. To address this possibility, we investigate what happens when we employ the reduction in the cohort size of 1959-1961 relative to 1956-1958 at the county level as an alternative measurement for the severity of famine. In this case, the data for the cohort size are from the 1 percent sampling of the China Population Census 2000. We report the corresponding results based on the countylevel famine measure in Table 4 .4. The results are qualitatively similar to what was found using the province-level famine measure. Another source of measurement error may stem from migration. The observed population in 2010 might not have been born in the same place. The problem has two facets: migration of parents and migration of their children. Massive migration did not take place until the late 1990s, and most of the migrants were younger than 30 years old (Meng 2012) . Since the 1959 Since the -1961 Since the and 1963 Since the -1965 were already more than 30 years old in the late 1990s, the issue of migration is not a big problem for famine parents. However, migration of children potentially poses a challenge for our baseline analysis. If cognitively higher functioning children tend to migrate to the urban area, the observed rural sample is then composed of cognitively weaker children, thereby more likely to exaggerate the negative impact of the famine. Fortunately, the CFPS 2010 asks the respondents about where they are currently living and their birthplace so that we can deal with the migration problem directly. In Table 4 .5, we report results for the cases by excluding respondents whose current domiciles are different from their birthplaces from the sample. The results continue to hold. It may also be the case that the CFPS is not a representative sample of the Chinese population (even though it was explicitly constructed to be the case). To check against this possibility, we conduct a similar baseline analysis using data from the China Population Census 2000. Unfortunately, the census data do not have many good measures of cognitive abilities. We chose the dependent variable to be the illiteracy dummy and checked whether our baseline findings continue to hold when we use this dataset (that no one disputes in terms of representativeness). As Table A .1 of the appendix shows, our baseline findings are qualitatively robust. The negative cognitive effects are found to be statistically significant at the 5 percent level only for children of fathers who experienced the famine during early childhood. The impact is much larger for daughters than for sons.
It is also possible that the findings are specific to the math test and that alternative measures for children's cognitive ability may yield substantively different results. As Table A .2 of the appendix shows, however, the findings for the math test are similar to those obtained when we use the word recognition test scores from the CFPS 2010 as an alternative measure of cognitive ability. There are also preliminary data (not yet publicly available) from the 2012 wave of the CFPS on scores for a short-term memory test. We carry out a similar baseline regression exercise for this cognitive dependent variable; see Table A .3 of the appendix. The results for the short-term memory test are consistent with what we obtained with the math test scores for the CFPS 2010 data. Yet again, sons of famine fathers do better on the test than daughters of famine fathers. In both cases, similar to the math test results, the magnitude of the (statistically significant) intergenerational effects is large. An increase of famine intensity by one standard deviation will increase the difference in word test scores between daughters whose fathers were born during the famine and those whose fathers were not by 30.7 percent. For the short-term memory test, sons of famine fathers achieve a 5 percent higher score than those of nonexposed fathers.
We note that similar findings are not present when we consider the set of rural famine mothers. We show corresponding regression results for the math and word test scores (Table A .4 of the appendix) as well as short-term memory test scores (lower panel of Table A .3) for children born to rural mothers. In all cases, we find no intergenerational effect from mothers to their children of either gender. The intergenerational transmission of the negative effects of early health shocks to parents (fathers, in particular) is therefore gender specific (affects only daughters significantly).
As we noted in Section 3, the coefficients to the famine variable (corresponding to β 3 of equation 1 above) in columns 1, 3, and 5 of Table 4 .2 describe the effects of the severity of famine on children of fathers who were born after the famine years. A natural falsification check would be that these coefficients should be insignificant from 0. We see from Table 4 .2 that this is in fact the case. As a further falsification test, we also conduct the same analysis as in our baseline exercise on the urban sample. Because the famine mainly took place in the rural regions, the negative intergenerational effects we observe in the rural areas should not be observed for children of parental cohorts born in the famine years but living in urban areas. Reassuringly, we find the expected patterns in the falsification test (see the upper panel in Table 4 .6). The observed results may also be due to the systematic difference in mothers' age in the famine father and mother samples. Since men tend to marry younger women, mothers are on average younger in the famine father sample than those in the famine mother sample. If a child's cognitive performance is associated with mother's age at his or her birth, then the difference in mothers' age between the two samples may result in a systematic bias. To address this concern, one method is to run a falsification test by comparing two postfamine cohorts, 1963-1965 and 1966-1968 . If mothers' age is a driving factor, it will manifest in the falsification exercise as well. As shown in the lower panel of Table 4 .6, none of the coefficients for the 1963-1965 cohort and its interaction term with famine is statistically significant, largely dismissing this concern. Another method to deal with this concern is to control the age difference between fathers and mothers. As shown in Table A .5 of the appendix, the basic patterns remain robust when we include this control variable. Therefore, the systematic difference in mother's age in famine fathers' and famine mothers' samples is not a big challenge to our baseline results.
Endogeneity
Although our approach of using the excess death rate as a proxy for the intensity of famine is consistent with most of the existing work in the literature, the use of that proxy has several known drawbacks. The proxy's purpose is to measure the severity of malnutrition experienced during the famine. Although malnutrition would certainly be a cause of excess mortality, other factors associated with the incidence of famine in a given region could contribute to (or detract from) excess mortality too. Such factors include migration into or out of a region (although that factor is less important in the Chinese context due to the existence of strict regional migration restrictions in the form of the hukou system) and the degradation of medical and social services, among others. The excess death rate therefore is likely to be endogenous.
To address the issue of endogeneity, we propose instrumental variables (IVs) that take advantage of the unique institutional features of the Chinese administration during the famine years. Specifically, our IVs target the performance assessment system the central government imposed on provincial governors and secretaries. Some studies (Li and Yang 2005; Kung and Chen 2010) have shown that the origins of provincial governors matter greatly to the famine severity. Governors accumulated promotion capital from the central government when they met what were radical and, in many cases, unattainable grain production targets under the Great Leap Forward movement in 1958. Governors were therefore motivated to inflate grain output figures (resulting in excessive grain procurements by the central government) or redistribute grains to other provinces to win favor with the central government, or both. With distorted information, the central government, as a consequence, failed to take relevant steps to lower the output target and transfer grains to the provinces suffering from severe famine (Cai 2000) . As Meng, Qian, and Yared (2011) point out, the inflated grain output and the subsequent overprocurement of grains produced a striking geographic pattern of famine that had reversed previous mortality trends under normal conditions. Regions that had historically produced more grain and had experienced historically lower mortality rates suffered more during the famine.
Our IV strategy builds on the story of Meng, Qian, and Yared (2011) and is related to the approach by Meng and Qian (2009) as well as the broader literature on official incentives and economic performance in China (Li and Zhou 2005) . When a governor had strong local ties, he potentially had better information about the actual degree of famine in his province (for example, by hearing from his relatives or close friends who were experiencing the famine firsthand). However, the governor could also count on his strong local ties to allow him to get away with activities such as counterfeiting output information, thereby aggravating the severity of the famine (via overprocurement) in that province. We therefore instrument famine intensity with a dummy variable denoting whether the birthplace of the provincial governor/secretary who was in charge of the province during the famine period was, in fact, in that province. We also employ alternative weather-related IVs that are standard in the literature including flood incidence from trend and rainfall deviation from trend, although there appears to be little evidence that weather conditions were primary determinants of the famine (Lin and Yang 2000) .
We present the first-stage and second-stage results of our two-stage least-squares (2SLS) regressions in Table 4 .7(a) and Table 4 .7(b), respectively. Table 4 .7(a) establishes that governor's birthplace is a valid IV for famine severity. In the first-stage regression, governor's birthplace is significantly associated with the severity of famine. Its interaction with the cohort dummy also predicts the interaction of famine severity and the cohort dummy. One may suspect that some provinces may always have governors born locally due to some unobserved factors, which may be also correlated with the outcome variables. We check the birthplaces of provincial governors for later years and do not find any systematic patterns. We also ran a placebo test for the IVs. If we use the birthplace of governors in nonfamine years as an instrument, the instrument does not have any predicative power on the famine severity observed in 1959-1961. 5 For the second-stage regressions, Table 4 .7(b) shows that the endogeneity tests reject the null hypothesis of exogeneity in some specifications, validating the use of 2SLS. Furthermore, Hansen statistics do not reject the null hypothesis of correct specification in all cases. Our 2SLS estimates not only qualitatively affirm those of our baseline (ordinary least squares) results but also yield much larger negative impact on daughters (three times as large).
A second drawback of employing a mortality variable as a measure of famine intensity is potential mortality selection. In this case, our concern is with potential mortality selection for the children of famine survivors. If an effect of famine on survivors is that only relatively strong children of theirs survive compared with the children of the nonexposed parents, then this selection could result in potential bias in the estimation of the intergenerational cognitive impact of early exposure of the parents' generation to famine. Table 4 .2 are included but not reported. Robust standard errors clustered at the province level are in parentheses. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively. + indicates that the statistic is larger than the threshold of r = 0.10 and significance level at 5%, and -indicates that the statistic is larger than the threshold of r = 0.15 but smaller than the threshold of r = 0.10 and significance level at 5%, tabulated by Table 2 of Stock and Yogo (2002) .
We (partially) address the issue of mortality selection by appealing to the strategy proposed by Meng and Qian (2009) . We compare the famine effect across particularly fit individuals (for whom the survivor bias would conceivably be less relevant) according to the outcome variables by running quantile regressions for the upper quantiles (for example, 80th percentile and 90th percentile); see Table 4 .8. As Meng and Qian point out, we have to be cautious about interpreting the upper quantile effects as the mean effect since there is no way of distinguishing possible heterogeneous effects for individuals at different quantiles of the distribution of outcomes from potentially similar patterns arising from survivor selection. Nevertheless, it is at least comforting that we find that our main results generally hold in the upper quantiles, and, in particular, that our finding of the differential (stronger) effect for daughters is quantitatively larger at the 90th percentile. Overall, these results provide some support (conditional on this caveat) for the proposition that our baseline findings are not driven by survivor bias. 
Mechanisms
We now explore the possible mechanism that drives our findings for the intergenerational effect. We first investigate the impact of the famine on the cognitive abilities of the first generation (famine survivors), which will help us understand the mechanisms more clearly and put our findings in line with other studies. 6 The results in both cases are consistent. The impact of the famine on the cognitive abilities of male survivors is insignificant, whereas the impact on female survivors is negative and significant at the 1 percent level. However, even in the case of female survivors, the magnitude of the impact is modest compared with those for the second generation. For instance, for the math test, we find that an increase of famine intensity by one standard deviation will increase the difference in math test scores between female famine survivors and nonfamine females by around 5.9 percent. 6 The survey was conducted jointly by the National Bureau of Statistics, the Ministry of Civil Affairs, and the China Federation of Disabled People in 2006. It covers 31 provinces, autonomous regions, and municipalities. Eliminating abnormal values resulting from input errors, the dataset ends with 2,369,496 individuals. The sample is quite random and representative. The survey includes individuals' basic information and their economic, social, and disability status. Basic information refers to an individual's age, gender, and family address. Economic and social status is reflected by school attainment, personal income, and marital status. Disability information is more detailed, consisting of disability status, pathogenic causes and degree of severity, and his or her most urgent requirement. All of the disabilities are classified into five categories: visual, hearing and speech, cognitive, mental, and physical disability. We also rule out any strong selection effects in the marriage/mating market for first-generation survivors. Even though there may be strong scarring effects on the first generation that does not necessarily mean the impact carries over to the next generation. Heavily scarred first-generation survivors may fail on the marriage/mating market and produce no children. This failure would mitigate the transmission of first-generation shocks to future generations of the population. Alternatively, if there is strong assortative matching in the marriage/mating market, then the worst-scarred survivors may end up with the least fit mates. In this case, the intergenerational transmission of shocks to the first generation may be reinforced.
To analyze the effect of marriage/mating selection on survivors, we need to compare (1) the outcomes of survivors who got married with people not exposed to the famine (see panel B of Tables 4.9 and 4.10), and (2) the outcomes of survivors who got married and had children with the corresponding nonexposed control group (see panel C of Tables 4.9 and 4.10). In both cases, we found little evidence of marriage/mating selection in terms of any systematic patterns of marriage failure in the survivor population. However, when we compare the household characteristics of married famine male survivors and married famine female survivors with those of the control group, we do find that married famine female survivors experience less desirable matches on the marriage market; see Table 3 .1(b).
Because in the CFPS, it is possible that a parent took the test but his or her child did not due to their being out of the home, there might also be systematic differences between parents whose children took the test and those whose children did not. To exclude that possibility, in panel D of Table 4 .9, we further restrict the sample to those parents whose children took the test. The basic patterns continue to hold, and thus sample selection is not a serious issue considering the similar patterns across different samples.
Because only female survivors showed (modest) scarring effects from exposure to the famine, and their children appear not to show any intergenerational impact, we conclude that the culling effect of the famine was sufficiently strong so that the scarred surviving females were not badly scarred enough to experience discrimination on the marriage market (as shown), and evidently were not sufficiently deeply scarred in order to transmit a significant impact to their children. The question remains therefore as to why male survivors who appear to be unscarred by famine exposure nevertheless go on to have daughters who are disadvantaged.
A leading hypothesis is son preference by this group of parents. To examine the possibility of son preference, we investigate the intergenerational impact of first-generational famine exposure on families with only one child as opposed to many (see Table 4 .11 for famine fathers and Table A .6 of the appendix for famine mothers) and also on families with only sons or daughters in comparison with families with children of both sexes (see Table 4 .12 for famine fathers and Table A .7 of the appendix for famine mothers). For famine fathers, we find that for the case where the family has only one child, regardless of whether that child is a boy or a girl, the child does not do worse than the corresponding control group. It is only in the case when the famine father's family has more than one child and in the case when there are both sons and daughters in the family where we see the negative intergenerational impact of firstgeneration famine exposure on girls. We do not see impact on the second generation across any family types for famine mothers. It appears therefore that our baseline findings for the intergenerational impact of famine exposure reported earlier in the subsection "Baseline Findings for the Second Generation" are entirely driven by the low performance of girls in families with both sons and daughters. The evidence therefore points to the conclusion that the intergenerational effects are a result of rural fathers who experienced famine in childhood exhibiting strong son preference (while rural mothers who experienced famine in childhood have no preferences or have preferences that are too weak to make a difference). Is son preference by rural fathers entirely attributable to cultural attitudes? The different proclivity of son preference in different minority groups in China provides us with an opportunity to test this hypothesis. However, the drawback of the CFPS 2010 dataset is that it does not cover ethnic minority autonomous regions except for Guangxi. The limited number of minority group people in the CFPS 2010 dataset prevents us from investigating this question thoroughly using the CFPS data. The 1 percent sample of the Population Census 2000, however, covers every province in China and thus presents us with a possible solution. As noted earlier, the weakness of the census data is that the census does not conduct any cognitive tests and the set of controls is much more limited than those in the CFPS as the former's focus is only on demographics. As before, we exploit the illiteracy dummy as our dependent variable in the following exercise.
In order to exclude those people who are illiterate because they are too young, we restrict our sample to those aged 13 to 20. 7 We then include in our baseline regression a dummy variable (ethnicity) indicating ethnic groups that exhibit no son preferences (that is, Hui, Uyghur, Mongolian, Tibetan, Li, and Dai). The classification is from Chen and Chen (2004) , who review the sociology and anthropology literature on the fertility culture of the major ethnic groups in China; see also Mu and Zhang (2011) . We also interact the ethnicity dummy with the interaction term between famine severity and the father being born during the famine. The coefficient to this two-way interaction then characterizes whether the diverse impact of famine on the children of famine cohorts differs between the ethnic groups having no son preference and the groups that do. We report our findings in Table 4 .13. As we can see, the negative effects on daughters (recall that a positive coefficient implies higher rates of illiteracy) are even stronger for the ethnic groups without son preference.
We therefore conclude that the son preference exhibited by rural famine fathers is unlikely to be entirely driven by culture across ethnic groups. Given that famine fathers head households of generally higher socioeconomic status (see Table 3 .1[b]), the son preference by such fathers may be a result of the generally higher socioeconomic status of their households (Wei, Fang, and Gong 2014) . These fathers may rationally prefer to maximize the outcomes of their sons because they expect a high marginal return on investment in terms of improving their sons' probability of success in the marriage market. The famine mothers belong to socioeconomically less successful households where the returns to such investments may be low. 8 There is also likely another channel of son preference persistence across generations within a family. Parents with strong son preference might have allocated limited resources in favor of sons at the time of famine to make sure their sons survive the famine. As the male survivors got married and had children, their mothers (now paternal grandmothers) would take care of the grandchildren. Their embedded son preference attitude could play a role in generating gender difference in cognitive ability among their grandchildren. However, we cannot empirically distinguish between these two channels owing to data limitations, although the question deserves future research. 7 In China, children usually begin their junior middle school at the age of 13. 8 It is possible that mothers also affect the degree of son preference in the famine fathers' families. However, because men are more susceptible to famine, the cohort size of famine fathers is much smaller. They may have more bargaining power in the family due to their limited number. In terms of personal characteristics, they are not worse than the population average (or even better) due to selection effect, which the summary statistics of Table 3 .1 reflect. Similarly, fathers in the famine mothers' families may also influence the degree of son preference in the family. However, in terms of summary statistics from Table 3 .1, famine mothers usually end up with worse males. They are more on a par with their husbands, and as a result, the son preference may be weak in the family. A detailed investigation of the bargaining power and diverse degrees of son preference in different families is not the focus of the paper but deserves further research. Chen and Chen (2004) , which reviews sociology and anthropology literature on fertility culture of the major ethnic groups in China, and used in Mu and Zhang (2011) . The dummy variable "Cohort 1959-1961" indicates children whose fathers were born during 1959-1961. Age, its square and cubic terms, household head education, birth order, number of children, and their interactions with ethnicity dummy are included but not reported here due to space limit. Robust standard errors clustered at the province level are in parentheses. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively.
CONCLUSION
In this paper, we examine the intergenerational impact of a severe shock-the Great Chinese Famine of 1959-1961-on the cognitive abilities of the children of famine survivors. We do not observe any significant damage to the cognitive abilities of the first-generation male survivors and we see only small negative effects on female survivors. This is in contrast to studies that focus on anthropometric measures where the scarring effects on survivors are sometimes found to be more prominent. We find evidence for an intergenerational legacy from the famine only for daughters born to famine fathers. Children born to famine mothers reveal no disadvantage in cognitive ability despite some scarring effect on mothers. The gender difference in the effects on children born to famine fathers can be largely attributed to son preference exhibited in families with fathers who were exposed to the famine in early childhood. Even if there is some negative effect on the daughters of famine fathers, it is unlikely to be passed on to the third generation as shown in the resilient performance among the children of the famine mothers. Overall, our findings suggest that human populations are extremely resilient to severe shocks, such as the Great Chinese Famine, in that most offspring of the cohort born during shocks are insulated from damage to their cognitive abilities.
This raises some hopes for the offspring of the poor in developing countries. Despite the poor's daily struggle for survival, they have passed cognitive genes to their offspring largely intact. With adequate food and nutrition, their offspring have the potential to thrive and become productive citizens. Table 4 .2 are included. Robust standard errors clustered at the province level are in parentheses. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively. (2010). Notes: Ethnicity fixed effects are controlled in all the regressions. Due to space limit, they are not reported. Cohort 1959 Cohort -1961 (dummy) indicates children whose mother was born during 1959-1961. Other controls same as those in Table 4 .2 are included but not reported here. Robust standard errors clustered at the province level are in parentheses. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively. (2010). Notes: Ethnicity fixed effects are controlled in all the regressions. Due to space limit, they are not reported. Cohort 1959 Cohort -1961 indicates children whose father/mother was born during 1959-1961. Other controls same as those in Table 4 .2 are included but not reported here. Robust standard errors clustered at the province level are in parentheses. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively. Source: China Family Panel Studies (2010). Notes: Ethnicity fixed effects and same control variables as those in Table 4 .2 are included. Due to space limit, they are not reported. Robust standard errors clustered at the province level are in parentheses. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively. Source: China Family Panel Studies (2010). Notes: Family type equals 1 if the family has both sons and daughters, and equals 0 otherwise. Its level term and same control variables as those in Table 4 .2 are included. Due to space limit, they are not reported. Robust standard errors clustered at the province level are in parentheses. *, **, and *** indicate significance level at 10%, 5%, and 1%, respectively. .
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